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A method of cooling a mould tool that is comprised of or includes at least in pail (3, 4) a porous material having communicating 
pores, such as a microporous metal or metal alloy, with the aid of condensed gas, preferably CO 2 . Gas is delivered to the porous material in 
an essentially liquid state and is caused to vaporise as a result of pressure drops in cavities (9, 10) and pores in the material, to effectively 
cool the tool. The gas vaporised in the porous material (3, 4) is channelled to one or more conductors (15) sealingly connected to said 
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invention also relates to apparatus for use when carrying out the method. 
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A METHOD AND AN ARRANGEMENT FOR COOLING A MOULDING TOOL BY 
MEANS OF A LIQUEFIED GAS. 

The present invention relates to a method of cooling a mould 
tool that is comprised of or includes at least in part a 
porous material that has communicating pores, such as a 
microporous metal or metal alloy, with the aid of condensed 
gas, preferably C0 2/ which is delivered to the porous 
material in an essentially liquid state and caused to 
vaporise as a result of a drop in pressure in cavities and 
pores in said material, and therewith effectively cool the 
tool. The invention also relates to an arrangement for use in 
carrying out the method . 

AGA AB market under the trademark TOOLVAC a novel technique 
and a novel type of plastic moulding tool, particularly an 
injection moulding tool. The same technique can also be used 
to produce ceramic and/or metallic shapes; see, for instance, 
US-A 5,516,470 and WO 96/19308. These tools are comprised 
either completely or partially of microporous material, i.e. 
a material that includes a large number of communicating 
pores. These pores allow fluid delivered to the material to 
pass therethrough. 

For instance, in the case of an injection moulding tool where 
at least a part of the mould cavity is delimited by a body 
comprised of such material, the moulded product can be cooled 
effectively by, e.g., delivering liquid carbon dioxide to the 
porous material, wherewith the gas will expand in the 
micropores and vaporise while extracting heat from the 
surrounding material and therewith generate an effective 
cooling effect. The cooling effect can be distributed as 
desired, e.g. by providing different cavities in the 
material. Because the cooling effect is much greater than 
that which can be achieved with conventional water cooling, 
it is possible to achieve significantly shorter cooling times 
and therewith shorter tool cycle times. 
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With tools of this kind used hitherto, the cooling gas, 
normally C0 2 , is released to the surrounding atmosphere after 
having vaporised in the microporous material. 

From an environmental aspect, there is a general endeavour to 
reduce the amount of C0 2 that is released to the atmosphere 
and it is desired, accordingly, to eliminate the discharge of 
gas to the atmosphere or at least substantially reduce the 
amount of cooling gas that is required in the cooling 
process. Furthermore, the cooling gas used must be very clean 
as the pores in the microporous material used are very small. 
When using C0 2/ it must be ensured, in this regard, that the 
gas is essentially free from oil, which would otherwise clog 
the pores. It may therefore be necessary to purify the gas 
received from the supplier before the gas can be used to cool 
the tool. Substantial cost savings can thus be made when it 
is possible to reduce the amount of highly pure C0 2 required 
to achieve the desired cooling effect. 

Accordingly, the main object of the present invention is to 
provide a moulding tool cooling technique of the aforesaid 
kind which utilizes condensed gas, said technique enabling 
the amount of gas consumed in cooling the tool to be greatly 
reduced. 

The present invention is based on the realisation that this 
object can be achieved with a closed cooling circuit in which 
the microporous material is included as a circuit component, 
and which also includes, among other things, a condenser for 
renewed condensation of the gas vaporised in the microporous 
material. 

A method of the kind defined in the first paragraph is 
particularly characterized by channelling the gas vaporised 
in the porous material to one or more conductors sealingly 
connected to the material and functioning to conduct the gas 
to a condenser in which the gas is again condensed, and by 
again delivering the condensed gas to the porous material, 
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said material being used as a communication link in the 
resultant closed tool-cooling circuit. 

Thus, according to the invention, the mould tool is cooled 
with the aid of a coolant, e.g. C0 2 , which circulates in a 
closed cooling circuit, therewith greatly reducing gas 
consumption, since solely losses caused by leakage and- the 
like need be replaced. 

Supplementary gas for compensating such losses may suitably 
be delivered to the condenser included in the cooling 
circuit, essentially in gas phase. The gas can be delivered 
from a storage tank or storage bottle that contains liquefied 
gas which is gasified, wherewith any oil in the gas will be 
removed prior to delivering the gas to the condenser. 
Alternatively, the supplementary gas can be extracted from 
the ambient air, preferably with the aid of a membrane 
extraction technique, and delivered to the condenser. 

The special characteristic features of an inventive 
arrangement for use in carrying out the method will be 
apparent from the following Claims. 

The invention will now be described in more detail with 
reference to an exemplifying embodiment of an inventive 
cooling system that includes a microporous mould tool as 
illustrated in the accompanying drawing. 

Shown in the drawing is a tool 1 for injection-moulding a 
plastic product 2. Each mould half of the tool includes a 
respective mould insert 3 and 4 made of a porous but shape- 
stable material, such as sintered steel, with communicating 
pores. The porous inserts 3 and 4 in the tool are surrounded 
by non-porous parts 5-8. The inserts 3 and 4 include 
respective expansion cavities 9 and 10 into which respective 
capillaries 11 open out. In the illustrated case, respective 
capillaries open freely into associated expansion cavities. 
Alternatively, however, the capillaries may extend up to the 
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end wall of respective cavities. The pores in the porous 
material of the inserts 3 and 4 are closed over the surfaces 
28 that face towards the mould cavity in which the product 2 
is moulded. This can be achieved with a thin covering of 
aluminiumtrioxide or nickel, for instance. The remaining 
outer surfaces of the inserts 3 and 4 are sealed by means of 
the surrounding non-porous parts 5-8. 

The reader is referred to the aforesaid patent specifications 
for a more detailed description of the injection moulding 
tool and its function. 

Condensed gas, in the illustrated case condensed C0 2 , is 
delivered to the capillaries 11, 12 from a condenser 14, via 
a conduit 13. In order to avoid the gas in the condenser 14 
being contaminated or mixed with other gases, the condenser 
is suitably comprised of one chamber of a heat exchanger 
whose other chamber is connected to a cooling machine (not 
shown) . 

As condensed C0 2 is delivered to the cavities 9, 10 via 
respective capillaries 11 and 13, it will immediately expand 
as a result of a pressure drop and convert to a gas phase, 
thereby generating a powerful cooling effect. The gas is 
dispersed in the communicating pores in the inserts 3 and 4, 
and is finally evacuated through evacuation channels 15 that 
are connected by a common conduit 16 to the input of a pump 
17 whose output is connected to the condenser 14, suitably 
via an intermediate storage container 18. 

The illustrated embodiment includes four evacuation channels 
15. It will be understood, however, that the number of 
channels provided can be varied as required. In addition to 
contributing towards the cooling of a moulded product, the 
capillaries 11, 12 and the evacuation channels 15 can also be 
used to pass a warm, or hot, fluid through the inserts 3 and 
4 with the intention of heating the mould surfaces prior to 
or in conjunction with forcing the mould material into the 
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mould cavity. Reference numerals 19 and 20 designate a number 
of regulating valves mounted in the connections to the 
capillaries 11, 12 and to the evacuation channels 15, to 
enable the fluid passing through the inserts 3 and 4 to be 
controlled as required for cooling and heating or warming the 
tool respectively . 

As will be apparent from the aforegoing, the invention 
provides a closed system for cooling a mould tool that 
includes inserts of microporous material, these inserts being 
included as essential communication links in the resultant 
cooling circuit. Because the cooling circuit is thereby 
completely closed, the carbon dioxide used will not be 
diluted with other gases or be otherwise contaminated. The 
effect of the method on the environment will be very slight, 
since no emission to the surroundings takes place. This also 
results in good economic use of the pure carbon dioxide 
required. 

It is, however, difficult to avoid the loss of a certain 
amount of carbon dioxide, e.g. in the order of some few 
percent of the volume circulating in the closed cooling 
circuit. A storage container or storage bottle 21 containing 
liquefied carbon dioxide is provided for the purpose of 
making up this loss. The liquefied carbon dioxide is 
vaporised in an evaporator 22 that includes an oil separator, 
where separated oil 23 for instance can be drained through an 
outlet 24. The pure carbon dioxide is pumped to the 
condenser 14 in a gas phase, by means of a pump 25. 

Alternatively, gaseous C0 2 can be produced from the ambient 
air with the aid of a membrane separator 26. This carbon 
dioxide is delivered directly to the condenser 14 via the 
pump 15. An intermediate storage container 27 is suitably 
connected between the membrane separator 26 and the pump 25. 
It is possible in this regard that other gases present need 
to be separated in the condensation process. This separation, 
however, can be readily achieved by the person skilled in 
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this art. 

Although the invention has been described with reference to 
a preferred embodiment thereof, it will be understood that 
variations can be made in several respects within the scope 
of the Claims with regard to structural details, while 
maintaining the basic inventive principle of a closed cooling 
circuit of which said microporous material forms a part. 
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CLAIMS 

1. A method of cooling a mould tool comprised of or 
including at least in part a porous material that has 
communicating pores, such as a microporous metal or metal 
alloy, with the aid of condensed gas, preferably C0 2 , which 
is delivered to the porous material in an essentially liquid 
state and caused to vaporise as a result of pressure drops in 
cavities and pores in the material, so as to achieve 
effective cooling of the tool, characterized in that the gas 
vaporised in the porous material is channeled to one or more 
conductors which are sealingly connected to said material and 
which conduct gas to a condenser for renewed condensation of 
the gas, and in that the condensed gas is again delivered to 
the porous material, said material being utilized as a 
communications link in the resultant closed tool-cooling 
circuit. 

2. A method according to Claim 1, characterized in that the 
surface of the porous material is sealed at other positions 
in addition to those positions at which the conductors for 
delivering and evacuating gas are connected. 

3 . A method according to Claim 1 or 2 , characterized in 
that supplementary gas is delivered to the closed cooling 
circuit to compensate for gas losses. 

4. A method according to Claim 3, characterized in that the 
supplementary gas is delivered to the condenser in said 
cooling circuit substantially in a gaseous state. 

5. A method according to Claim 4, in which the 
supplementary gas is stored in a liquid state in a storage 
tank or a storage bottle, characterized in that gas from the 
tank or bottle is vaporised and that any oil present in the 
gas is removed therefrom prior to the gas entering the 
condenser. 
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6. A method according to Claim 4, characterized in that the 
supplementary gas is taken from the ambient air, preferably 
with the aid of a membrane separation technique, and in that 
the thus extracted gas is delivered to the condenser. 

7. Apparatus for cooling a mould tool that is comprised of 
or includes at least in part (3, 4) a porous material that 
has communicating pores, such as a microporous metal or metal 
alloy, with the aid of condensed gas, preferably C0 2 , 
delivered to the porous material (3, 4) in an essentially 
liquid state and caused to vaporise as a result of pressure 
drops in cavities (9, 10) and pores in the material and 
therewith effectively cool the tool, characterized in that 
the apparatus includes a closed tool-cooling circuit that has 
sealingly connected to said porous material (3, 4) one or 
more conductors (15) for evacuating gas vaporised in said 
material, a condenser (14) connected to said conductor or 
conductors for renewed condensation of the evacuated gas, and 
conduit means (13) for renewed delivery of the condensed gas 
to the porous material (3, 4), said porous material forming 
a communications link in the closed cooling circuit. 

8. Apparatus according to Claim 7, characterized in that 
the porous material (3, 4) is sealed at positions other than 
those positions at which the conductors (11, 12, 15) for 
delivering and evacuating gas are connected. 

9. Apparatus according to Claim 7 or 8, characterized by 
means for delivering supplementary gas from a storage tank 
(21) or storage bottle containing liquefied gas, said means 
including an oil-separating vaporiser (22) connected between 
the tank or the bottle and the condenser (14) included in 
said cooling circuit. 

10. Apparatus according to Claim 7 or 8, characterized in 
that the apparatus includes a unit (26) for extracting gas 
from the ambient air for the purpose of supplying 
supplementary gas, said unit being connected to the condenser 
(14) included in said cooling circuit via an intermediate 
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storage container (18) . 
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